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all the others; it is exobiology , the ptu 

* ■ 

major scientific objective/ ** s-***-* 


Our galaxy quite 111*3/ /aT f creed fife a hydrogs*#»a#*s 
sane billions of years ago* #MI> in tine, *psthesis of liit&s 
in the stars/ brought ab*|6ftnces of 

It was probably during this period that coalescence of eescal* 

/'if t* £ ' . _ ’ ■ ' i* 

elements in cooler regions, HOI) as the Sa*th, led to the fossa- 
tion of molecules fram which life has^vsfGl in a kiaifftf 
secular equilibrium with tbs anvlrons»nt.^^thet Mag and Venus 
and other celestial bodies were conducive to the at 

and, if S», what the nature of thflHK^/e 


life as they 

might be, is/tfie^sost eoaplax riddle^With ifcich we ai* 
as we enter the space areas* 5 i 


The other field that concerns us in this presentation Is 

■ .■ ,:C> . ■ v-: sgpJ-V- ■*' 

environmental biology* It lifts two aspects* One is tbs role that 
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example , as biological rhytlimieity — and the other is the 
delineation of those aspects in the space environments which 
are biologically hostile. This is a field interlocking with 
biotechnology .which is concerned in the monumental task of 
putting man into space and providing him with conditions under 
which he can function normally* 

Of the greatest import from the standpoint of space 

travel and extraterrestrial habitation is the delineation of 

those environmental conditions under which the normal passes 

into the pathological* This is a field in which the Armed 

Forces Institute of Pathology has distinguished itself from 

its inception a century ago, and for this reason, if for none 
% 

other, is richly deserving of our accolade on this occasion. 

How, this is a vast subject which Dr. Townsend has most 
generously invited use to discuss. I shall try to bring out 
some of the highlights. 

The Moon, Venus and Mars, are our first targets. Mercury 
does not come into consideration biologically because it has 
no atmosphere and because its temperature range is extreme* 
2hO°C on the aide facing the 3un and close to absolute aero on 
its dark side. The planets beyond Mars are too cold, except* 
ing* possibly, Jupiter, which say haw retained heat because 
of its great size. 


i 


Fro® tfce exobiological stampoiat, we cannot by-p&as fcha 
Moon. %eause of the leek of an oxydlzing atmosphere, any 
irial from space that may have impacted the Moon ever the 
sill leas of years will probably have been preserves* The Keen 
may thus be a laboratory of organic evolution* *t nay alps be 
a museum of feesll extinet Ufa* 


Verna is so heavily covered by a danse cloud that lt*s 
surface has never been clearly seen* According to son asijji®- 


omera, the surface of Venus is covered by a vast ocesn t and 
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according to others it nay not even contain 



ace water* 


phere is 1$ 200 ,000, while that in the Barthes atmosphere is 

around 1*100. If the white polar napr m Mars do consist of 

-jjL 'fa+z- 

water-frost - as Kpaper^Snt ended*- tfti* would constitute only 




one -millionth of the water sBHMBle tmftm Earth’s 
Because of the varMeel absence of an atmospheric shield in the 


/ 


As deduced from the radio amission from the planet in the 
microwave region, v enus has a tampers ture of at least 300°C, 
but this may be an incorrect figure because of the possibility 
that the microwave radiation was not generated thermally* but 

was due to electrical excitation in Venues ionosphere. As far 

..*•■** 

jm is known, Venus is not hospitable to life. 

This brings us to Mars , life forms there would have to 
cope with an atmosphere consisting mostly of carbon dioxide { its 
content is 2 to 13 times greater than that of the Earth#* 
atmosphere. The proportion of water vapor in the Martian atmee*- 
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fora of oxygen or ozone , UV light on the surface of Mars is 


probably intense* In regard to the s easonal color changes on 
liars, the prevailing theory, as based m infrared spectral 
absorption, /that they represent variations in the growth of 


vegetation* *he odd thing about this color change - which 
consists in a progressive darkening - is that it begins at the 
edge of the polar caps and extends toward the equator as the 
season advances* This is the reverse of what is true on cur 


planet* 


I shall not go Into the pros and cons of whether life 
exists can liars, hut try, rather, to describe sotue experimental 
approaches to the prblem under conditions that may have prevail- 
ed on the primitive Earth or on some other planet. 

One of the most brilliant discoveries in ^ais connection, 

QLftl**#' / 

by Miller and ■ rcy soae years ago, was that 4 Srs acidic ould 
readily bo produced by sending an electrical di sonar ge into a 
reducing atmosphere consisting in methane, ammonia, carbon 
dioxide and nitrogen together with some water. And since then 
it has boon learned that this a&m reaction can be produced 
through the us© of many other forms of energy, such as U¥ light, 
ionising radiation, microwave, or even heat. Other biologically 
significant compounds (e.g. , purines, pyrimidines, and fatty 
acids) have also been produced under these conditions, though 
in smaller amounts* 
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Such a reaction, then, may have been a starting point of 

biochemical evolution on the primitive Earth, It is not too 

o, 

great a jump to the concept that biochemical evolutih will 
occur wherever there is a physico-chemical environment#^ 
resembling that of the primitive Earth, 

\<c can be sure that life originated not simply as an 

unbroken chain of successively ©ore ccmplieat4d molecules, but, 

y 

rather, as a balance between cent try ctl on. and degradation* 

The question of life on %rc goes beyond a mere quest of the 
prim^ordiai^ raw materials and energy sources. Involved 
heavily in it is the problem of how nature can evolve a 
genetic mechanise that is stable in a more dm ©aging 
environment . 

Tnere have been many suggestions as to farms of life that 
should first be sought an Kars/ by devices landing on the 
Martian surface. Some of the most logical substances to look 

,y o — 

for are organic phosphorus compounds, porphy/ins, and . furta a r* 

?0 

nitrogen. jyfliWflg candidates among the life forms are those 

that provide far their own organic substances through purely 

cty 

chemical means ( heterotropha ) % also /©nitrifying and sulfatizing 
bacteria, and certain photosynthetic bacteria which givsrf off 
no oxygen. Search for thermophilic bacteria has also been 
suggested, as has also search for those life fores resistant to 
various kinds of radiation, for example, certain pigmented 
bacteria, which, because of the carotenoids they contain, are 
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resistant to UV radiation. Plants living in dry habitats, 
fungi, and ctinooyces also need to be taken into account. 

In the not too distant future, soot OPOs (Orbiting Plans - 

eruJLA 

tary Cbmrvatfr$ 0 ) will be orbiting Kara in order to detect faou.™*- 
components in the Martian a t a o s pbe re , such as wetihewe and 
carbon dioxide, and they will try to get readings through gaps 

A 

in the Martian blue haae in the 2$QO to 2^00 '* range in seder 
to specify the ultraviolet environment of any organises that 
csay exist. 

LS #1 & #2 

I shall like to show you a device which will he landing 
on Mars. It is the by 9B&-M gSM&JC. 

Basically, it aonltors a saet^abolic process. Two silicon- 
iapregnated strings are shot out by projectiles for sotae 50 to 
100 ft., then are withdrawn by a actor-driven windlass, bringing 

f l 7K ft ^ 'fiki. ~m-A XHaa ' a ( i- ‘i 

about] 25 to 50 rr nnrt~ paftitrliin with then. Uniii fine niiliii 

ease thus introduced into a nutrient oedius that contains radio- 
•»4 

active C . For the s e device to work it is naceasary that any 

yV 

organism* present on the Martian surface take up the radioactive 
carbon and give off CO^. The tagged C0 2 is collected on a filn^f 
and above the file is a solid state radiation detector. T be 

1 k 

C 4 ^ in the COg gives off weak beta rays, which are seen by the 
detector and tele entered back to Earth. 
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Now let m turn to mm problems in , 

La the extraterrestrial environment the greatest concern is 
that man will be able to function satisfactorily. Man east 
talcs much of his terrestrial enviroaaent with him for survival. 
Thermal radiation will present a large engineering preblee. 

A he other elactrcwtgnetlc radiations <tJV, X-ray) should he easier 
to cope with than thorns! radiation. The energetic particle 
radiation^- trapped * solar and cosaic • present difficult 
problem*. Not only do we not know how to deal with the»i we 
do not even know what they aay do to us. 

lutergalaetie space is thought to he filled with a tenuous 
gas, predominantly hydrogen, of the order of 100 ato»s7ca3. 

,/hile this gas has a very low energy, cosaic rays of siailar 
c exposition have the highest energies known. a weak magnetic 
field or the order of 1 gawm pervades the galaxy and may be an 
important source of energy for accelerating these particles. 

The energy stored in even a region of galactic dioens^ba is 
inadequate to explain the highest energies observed (10 ev), 
and thus attention is being given presently to supernovas as a 

source of some of the particles. Galactic cosaic rays seen to 

u isb'ifef *-»-•> _ / 

be ^ s 1- X&p atM^hereiraecelerated partially during 

ejection, but mainly by magnetic in^hosoganeities in in ter galactic 

space * 

More will be known of this vast region before j$& 
voyages into it. Of sore ioaadiate interest is interplanetary 


space. 
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The Sun^s siagne tic field modulates the cosmic rays in 

interplanetary space , deflecting only those of lower energy 

away free the Berth’s atmosphere . Cver the 11-year cycle of 

solar activity, the total cosmic ray flux in interplanetary 

/Co 

space and near our arth varies from 2*5 


5 particle s/ea*“ /sec . The Mnergetie primaries are not deflected, 
and thus the radiation hazard due te cosmic rays is essentially 


/£. 


ll*year 


/ C^f-x ex,- 


constant, despite the subtle effects noticed In 

cycles on the Earth. 

IS #3* and #5 ') 

Of course, charged particles trapped in Van Allen belt% 
as are also cosmic ray flares from the Sun, but ae^'trm ike 'M»> 

Jtjfrj- eLc r^ cJ C~ 

logical effects of their phenomena we ha c Ulc data* 

let oe, therefore, indicate s cm results cf recent experiments 

C~* me -t i- ,t f 

iz t- th e gsg« ss agHKbsK =3Et b&lloen altitudes mid in the Earths 


orbi 


/ v>v_ : 

h '? . h 

flu 


Saloon flight^ 


Uj--e-<-r C^-c- cru^- 'Pj A- -S Hy 

V x ^ 

s few months ago in collabo- 
of th e AFUP rowers run in Canada for tie 





, CA 


C-irttA 


iU 


ratieawith 

A 

purpose of studying the effects of cosmic particles on a wide 
range of biological systems. Ihe balloons were launched from 
Coose Bay, Labrador. iXiriag the flight they maintained an 
average altitude of approximately 130,000 ft* for some 50 hours 
The particle flux at this altitude is indicated 


LS #6 

In the gelatine emulsions that were carried inside the 
capsules, counts were made of tracks having ^200 Hev/em rate of 
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e i*rsy loss (i.e., tracks of relativistic carbtm and hieher Z 
particles). Preliminary observation have Indicated appeoxlnately 
1500 of these heavy primarica/ce during the flights. 

Amm the plant material* carried on th* flight* war* 
the seeds of corn, beans, African daisies, lobelia, and earlgold. 
Control seeds sere kept at ground level, and soae were exposed 
to 2300 r of 100 kv x-rays. 

Reference will he made only to the effects of the flights 
mi mm I a© referring to studies of Drs. Slater and 

Tobias at the University c£ California in Berkeley, ^ ^ 

' Slide #7 and #8 ^ tU ^ 

Developmental defacts appeared in the leaves^ they grew. 
These consisted In streaking and spot bleaching. The ratio of 
such defects In the untreated controls, x-irradiated controls and 
ballooi^lcttE corn was 4W9* Sinilar chsu^ JwTO^bse^h 0 ^ 
bv Dr. Ciafcls of Brookhaven A.E.C. laboratory^ in corn carried 
on. a satellUTITtE^d such 'changes have also observed 

in the flowers of petunia and other plants as a smtnable condition 
Induced by gamma radiation (Sparrow, I960). 

The reaction of many plant forms to conditions existing 
in the Earth* s orbit has been studied intensively in Cogmic 
S sstsm. On. was Cosnlc dputnik II, «**>■ «blted for £5 hours 
at 306 to 398 to fron the Sarth. under these conditions the 
average primary cosmic-ray flux for protons is 2/om /sec, for^ 
ainha part tol as 0.3/e* 2 /»c> and for • °- 03/c “ /sec, 
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^ r r - 

,-^g. —1 

and the average linear/ OBfe Is 3-5 Mev cm gm , 

h 


L3 #9 

In general * a significant acceleration of the processes 
of cell division was noted in the sprouts of the maiae , pea and 
vteat M«ds. But of «special lntoN't^W*. lu the d.v.lopa.nt 
of Aetlaognrces in cultures. Growth of radioinsensitive strains 
increesed 6 — fold as cappared with the controls, While the 
growth of radio- sensitive strains decreased 12-fold. On this 
same flight the seeds of maize, string leans and wheat (some 
radiosensitive and others not) were sent aloft, and the experiment 
consisted in determining the effects on the rate of subsequent 
root growth. Chromosomal alterations in the an a phase and 
tele phase was frequent. Mitotic index was significantly increased 
in the corn and string beans, but was decreased in gaaaaa-and-fast- 

neutron sensitive wheat (6,59 vs 8.02 for the control) 

\Hf 

(GXeabozkei, 1#§1). 


l.i regard to the corn experiment in the balloons, it should 
be emphasized that virtually no changes were noted in the control 
corn following exposure to <300 r x-radiation. If rach results 
can be confirmed in future balloon flights, we will have an 
indication of the effects that may be expected on plant life 
when exposed to the space environment, as on a Moon base. Mutants 
readily appear following response to gamma radiation, and we 
shall soon know whether they will appear under balloon-! light 
conditions. 
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The data of the s eed experiments carried aboard the Cosmic 

Sputniks also iafiicated striking growth disturbance , but whether 
or not these are attributable tojcosmlc radiation oust await 
further experimentation on which to judge* ^be Bussiafa investi- 
gators were emphatic in their belief that the changes they 
observed were not due tooossic rays* Much the same problea 

^ _ ^ A r 

arises in respect to Keuroepora sent by **«Buak into the Van Alien Jkx 


tor a brief period. Under these conditions, mutation rates 
were ^fcund to be orders of magnitude higher t^n anticipated 
free simultaneously observed radiation in ihi» belt. In expert* 


©exits of this kind, perhaps we arc dealing with 


of various space environmental factors - a subject on which m 
have as yet no concrete information. 


,»,**»**•»»*#***»«***«**»•* 


There are many oilier important biological problems in the 
space field, such as photosynthesis and Its r ,1 at ion to solar 
Illuminance on the Moon, Venus and Mars, and the degree of 
depenftenee of plants and animals on the gravitational fields of 
these extraterrestrial bodies. 

But 1 nave time only to make so®e remarks on the problem 

Of hblogieal cioek3 , 

Over the course of millions of years living organisms ham 

evolved under complex environmental conditions. One important 
factor of the environment is its rhythoieity. Contributing to 
this rhy thsicity are mmamnts of the arth relative to the Sun 

and Moon. The Earth* s rotation relative to the 3un gives us 
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our 24-hour day and, with Its axis titled as it revolves about 
the Jen, we have our years and seasons. Our lunar day is the 
ties from Horn rise to Moon rise* *he Mom’s arrival every 
29-1/2 days at the ease relative position between the Earth 
and the oun gives us our synodical month. *he daily and annual 
rhythms related to the i\m are associated with changes in light 
and temperature. The lunar day and synodical month are associ- 
ated with Hoon-doeinated tides and in changes in nighttime 

ft* 

illifflination. -bese 4 pliysical , or extrinsic, Rhythms include 
changes in forces * as in gravity, barometric pressure, high-energy 
radiation, and magnetic and electrical fields. Considering the 
rhythmic changes in the physical world it is not surprising 
that living creatures should display daily and monthly 
rhythmic patterns which serve as biological clocks as dependable 
as the sun dial. 

Evidence has teen accumulating that rhythms pervade the 
entire physiological and biochemical system, which is innately 
an oscillator whose frequency is an evolved match to that of 
the physical environment it inhabits, ihe environmental inputs 
that regulate this oscillator - the light and temperature cycles - 
act only as entraining periodicities regulating phase and period 
of the living oscillator. 

problem now in the stage of heated discussion is the 
degree to which biological clocks are responsive to such 
environmental factors as cossic-ray showers, magnetic lines, 
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cur os* trie pressure, etc. A he difficulty in re sol vine the 
probles is teat teese •nviranaoiital factors cannot be experim&tally 
controlled, am can only attempt correlations vkieh are highly 
suggestive bet not conclueive. 

BS ^10 

A very interesting study along this line is that of Jr of. 
Brown of northeastern University# He has correlated the daily 
aetubolic cycles of fiddler crabs, pc© toes, sea we^s and oysters 
during tits spring and suoaer of tee years 195** and 1955. 

Between these Z years tee daily aatabolie cycles cot these 
organisms sees**} to have turned upside down. Comparing this with 


cosaic-ray cyclic data, which I* obtained fro© the Feral 
Institute of tee University of Chicago, he found that Just as the 

- — > "h<-c t* 4 r f\ r £y c-ct? cr*~J- 

crab, potato, seaweed(and oyster^ were inverted ii^Tthese two 
specific periods of study-, s© were also the cosmic-ray cycles 


in the uum period, 


Drastic alteration of phase In biological rhythaicity can 
lead to irreparable dasiage to an organise, and thus research on 
biological rhythnlcity carried out in the space envlronaent has 
its practical aspects as well as allowing; one of the taoat basic 
problems in biology t© be explored. 


